Ultracold quantum gases realize paradigms of condensed matter physics in pristine fashion, such as the superfluid to Mott insulator transition [1], the BEC-BCS crossover in fermionic superfluids [2, 3] and the Berezinskii-Kosterlitz-Thouless transition in twodimensional Bose gases [4] . A plethora of novel manybody systems may become accessible through the advent of quantum mixtures of different atomic species. In particular, Bose-Fermi mixtures with widely tunable interactions should reveal boson mediated interactions between fermions and possibly boson induced p-wave superfluidity [5, 6] . The fate of impurities in a Fermi sea [7] or a Bose condensate [8] [9] [10] can be studied, and new quantum phases of matter are predicted in optical lattices [11] . Furthermore, the creation of fermionic ground state molecules starting from a degenerate Bose-Fermi mixture opens up a whole new avenue of research, as this results in a Fermi gas with long-range, anisotropic dipole-dipole interactions [12] . Since the first degenerate Bose-Fermi mixture of different atomic species, 23 Na and 6 Li [13], a variety of such systems has been realized [8, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . However, so far only one mixture, 87 Rb-40 K, has allowed tunability of interspecies interactions with relative ease by means of a moderately wide (∆B ≈ 3 G) Feshbach resonance [24] , and only in this case fermionic Feshbach molecules have successfully been produced [25, 26] .
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In this article, we report on the experimental realization of a new Bose-Fermi mixture of 23 Na and 40 K and the observation of over 30 s-and p-wave Feshbach resonances at low magnetic fields. We demonstrate that 23 Na is an efficient coolant for sympathetic cooling of 40 K. A pattern of wide s-wave resonances exists for most of the energetically stable hyperfine combinations, the widest being located at 138 G with a width of about 30 G in the 23 Na|F = 1, m F = 1 + 40 K|F = 9/2, m F = −5/2 hyperfine configuration. We also observe p-wave multiplet resonances that are resolved thanks to their location at low magnetic fields.
In the singlet rovibrational ground state, the NaK molecule is known to have a large permanent electric dipole moment of 2.72(6) D [27, 28] , five times larger than that of KRb [12] , and is predicted to be chemically stable against atom-atom exchange reactions [29] , in contrast to KRb [30] . An ultracold gas of fermionic ground state molecules of NaK will thus be an ideal system for the study of Fermi gases with strong, long-range dipolar interactions. Indeed, the interaction energy here can be expected to be on the order of the Fermi energy.
The experimental setup is based on the apparatus presented in Ref. [8] , which employs two independent Zeeman slowers capable of simultaneously loading sodium and potassium atoms directly into a UHV chamber. The potassium slower selectively decelerates the 40 K isotope, loading 10 7 atoms into a magneto-optical trap (MOT) in 10 s. For 23 Na, we use a dark spot MOT [31] , which allows us to load approximately 10 9 atoms in 2 s. Multi-species experiments can suffer from atom losses due to light-assisted collisions in the MOT and spinchanging collisions in the magnetic trap. In order to minimize such losses, we developed a shelving technique where 23 Na is first loaded into the MOT, optically pumped to the |2, 2 stretched state, and captured in the magnetic trap. Next, the trap gradient is reduced to 7.7 G/cm to only support the stretched state of 23 Na against gravity. With this gradient left on, and the 23 Na thus "shelved in the dark" in a purely magnetic trap, finally the MOT and slower beams for 40 K are switched on to load the 40 K MOT. This scheme guarantees that only 23 Na atoms in the |2, 2 state are present in the magnetic trap before loading 40 K, and it also potentially reduces light-assisted collisions that would be encountered in a double-species MOT.
Once both species are loaded into the optically plugged magnetic trap [8] , the mixture is cooled for 7 s by rfinduced evaporation of 23 Na, where thermally excited 23 Na atoms in the |2, 2 state are removed from the trap by coupling to the high field seeking state of |1, 1 . We decompress the initial magnetic gradient of 220 G/cm to 27.5 G/cm at the end of evaporation to reduce threebody losses. The 5 µK cold mixture is then loaded into a crossed optical dipole trap (laser wavelength 1064 nm, maximum power 4.7 and 17 W, waist 73 and 135 µm).
At this stage, the 1/e lifetime of the mixture, with 23 Na and 40 K still in their stretched states, is about τ = 250 ms, already signaling a strong attractive interaction increasing three-body losses and spin-changing dipolar losses. We thus immediately transfer 23 Na atoms into their hyperfine ground state |1, 1 via a Landau-Zener sweep, and remove any remaining |2, 2 atoms via a resonant light pulse. In the 23 Na|1, 1 + 40 K|9/2, 9/2 state, the mixture now lives for τ = 20 s. The gas is further evaporatively cooled in this spin mixture for 2 s by reducing the intensity of the dipole trap beams.
At the end of evaporation, a degenerate Fermi gas of 40 K with 2 × 10 5 atoms and T /T F = 0.6 coexists with a Bose-Einstein condensate of 23 Na. Two sets of absorption images of the mixture for different values of 23 Na and 40 K atom numbers are shown in Fig. 1 , where atom numbers are varied by changing the MOT loading times of the two species. The strong attractive interaction between 23 Na and 40 K in the 23 Na|1, 1 + 40 K|9/2, 9/2 state is apparent. As the condensate grows, the fermionic cloud acquires a bimodal density distribution as it experiences The evolution of the phase space densities (PSDs) and atom numbers N of both species during evaporation is shown in Fig. 2 . Temperature is determined by fitting a thermal profile to the wings of the 23 Na cloud. The cooling efficiency Γ = −d ln(PSD)/d ln(N ) for sodium in the magnetic trap is Γ Na = 2.7, a rather high value thanks to the steep confinement in the plugged trap. This efficiency is not affected by the presence of the relatively small admixture of 40 K. Sympathetic cooling is less efficient than in other mixtures [8, 32] as 40 K is seen to be lost due to three-body collisions in the magnetic trap. We find Γ K = 4.6 for 40 K. In the crossed optical dipole trap, with sodium in |1, 1 , the sodium cooling becomes less efficient due to the weaker confinement, Γ Na = 0.9, but the 40 K number is essentially conserved in this mixture so that sympathetic cooling is highly efficient, with Γ K = 15.3. The lowest T /T F achieved for 40 K after evaporating all of 23 Na is T /T F = 0.35 with 3 × 10 5 atoms.
With a new degenerate Bose-Fermi mixture at our disposal, the natural next step is to search for interspecies Feshbach resonances between 23 Na and 40 K. There have been theoretical indications for resonances below 100 G [34] . In addition, a large and negative triplet scattering length was predicted in Ref. [35] , a value that has recently been refined to a t = −575 +191 −532 [34] , indicating that the triplet potential has an almost bound, virtual state right above threshold. A large background scattering length is often a catalyst for wide Feshbach resonances [36] , caused by strong coupling of molecular states to the almost resonant open channel. A famous example is the 300 G wide Feshbach resonance in 6 Li [37] .
We performed Feshbach loss spectroscopy, mapping Fig. 3 . This is an order of magnitude wider than any other resonances found so far in a Bose-Fermi mixture of chemically different atomic species.
p-wave Feshbach resonances are known to split into a doublet structure due to different projections of the orbital angular momentum onto the magnetic field axis [38] . In the NaK system, however, we observe triplet features for many p-wave resonances-see originate from the magnetic dipole-dipole interaction of constituent atoms, which couple molecular states with different total internal spin. The diagonal terms of the magnetic dipole-dipole interaction induce an energy shift that differs for the m l = 0 and |m l | = 1 quantum numbers, giving rise to the well known doublet structures. The off-diagonal terms in the dipole-dipole interaction couple different values of m l while conserving the total angular momentum m l +M F , where M F = m F,K +m F,Na . These terms are in most mixtures negligible since molecular states with different values of M F have to be nearly degenerate to result in a significant energy shift. However, due to the low-field nature of the NaK p-wave resonances, multiple molecular states are nearly degenerate with the open channel spin state, allowing for the triplet structure to be resolved.
The assignment of s-and p-wave characters of the resonances follows from a simple, but powerful model of the molecular states involved. The singlet and triplet potentials of the interatomic potential allow for a variety of [34] . The p-wave bound states follow from the s-wave bound states as in Ref. [40] and are slightly adjusted to fit the observed resonance positions. As described in Refs. [41, 42] , as a first guess for locations of Feshbach resonances one can neglect the part of the hyperfine interaction that couples singlet and triplet bound states. This already provides the pattern of Feshbach resonances as positions where these (uncoupled) molecular states cross the atomic (open-channel) threshold. The analysis shows that the observed resonances are caused by the triplet bound states. Next, we use the asymptotic bound state model (ABM) to include the singlet-triplet coupling of molecular states [43] . To couple the molecular states to the open channel, we follow Marcelis et al. [36] and only include the effect of the virtual state causing the large and negative triplet scattering length. The spin part of the coupling matrix element is obtained from the ABM Hamiltonian and the spatial part, i.e., the wavefunction overlap between the respective bound state and the virtual state, is taken as one free fit parameter. Table I . An exceptionally broad resonance for m F = −3/2 is predicted to be even wider and to be shifted further, possibly hinting at a shift between the loss maximum and the actual Feshbach resonance position. Our approach leads to a refined triplet bound state energy of E s t = −1654(3) MHz and E p t = −1478(7) MHz, and using the long range potential from Ref. [34] , we find a refined value of the triplet scattering length of a t = −830(70) a 0 . The errors correspond to one standard deviation of a least-squares fit to the eight narrowest s-wave resonances that are least sensitive to the coupling to the scattering states and hence the error induced by the ABM is expected to be small [43] .
In conclusion, we have produced a degenerate BoseFermi mixture of 23 [7] , of boson mediated interactions between fermions, and possibly of novel states of matter in optical lattices. The formation of fermionic Feshbach molecules is within reach. In the rovibrational ground state, NaK molecules possess a large induced electric dipole moment and are stable against exchange reactions. One can thus hope to create a Fermi gas of polar molecules with strong dipole-dipole interactions that dominate the many-body physics of the gas, rather than being a small perturbative effect.
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